Moderate pressure techniques ( Pϭ20 kbar) have been used to prepare Tl 2Ϫx Cd x Mn 2 O 7 (0рx р0.4) pyrochlore-like materials. The xϭ0.2 compound has been characterized by neutron powder diffraction, magnetic, magnetotransport, and Hall measurements. This material is ferromagnetic below T C ϭ110 K. Both electrical resistance and magnetoresistance ͑MR͒ are enhanced with respect to stoichiometric Tl 2 Mn 2 O 7 , due to the drastic reduction in the number of carriers ͑electrons͒ induced by hole doping. MR͑0.5 T͒ is higher than 10 6 % at 120 K, and MR͑9 T͒ is 30% at room temperature. We show that hole doped derivatives of Tl 2 Mn 2 O 7 are promising candidates in which to search for large bulk magnetoresistance. © 2000 American Institute of Physics.
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Half metallic ferromagnets have attracted much attention as a source of magnetoresistive materials, the electrical conductivity of which changes upon application of an external magnetic field. 1 Widespread interest in the scientific community was sparked when large values of magnetoresistance ͑MR͒ were described at first for hole-doped manganese perovskites, R 1Ϫx A x MnO 3 ͑Rϭrare-earths; Aϭalkali-earths͒, 2, 3 and then for other ferromagnets such as the double perovskites A 2 FeMoO 7 the ferromagnetism (T C ϭ120 K) 8 is a consequence of superexchange 8, 9 interactions between Mn 4ϩ magnetic moments and the metallic conductivity results from the partial filling of the Tl 6s block bands, through the overlapping between Mn t 2g-, O 2p-, and Tl 6s bands. 10, 11 Majumdar and Littlewood 12 showed that MR in a wide variety of ferromagnetic ͑FM͒ semimetals scales with the number of charge carriers, as ⌬/ 0 Ϸn
2 , where n is the carriers density per magnetic unit cell, and M and M s stand for the magnetization and saturation magnetization, respectively. This is a result of the scattering of a low-density electron gas by spin fluctuations concomitant with the FM long range ordering or local spin bags of the magnetic cations. According to this model, the MR can be tuned by properly modifying the carrier density of a given material. Enhanced MR properties should be found in ferromagnetic insulators suitably converted into semimetals by chemical doping, thus injecting a conveniently small number of carriers.
Recently, some efforts have been devoted to tuning and optimizing the MR properties of Tl 2 Mn 2 O 7 related pyrochlores by substitution in both Tl and Mn sublattices. Tl atoms have been replaced by In, 13 Sc, 14 and Bi, 15 leading to different modifications of the physical properties. Perhaps the most dramatic changes have been described for the Tl 2Ϫx Bi x Mn 2 O 7 (0рxр0.5) pyrochlore series, 15 in which magnetoresistance increases up to 10 5 % with Bi substitution. The Mn atoms have also been partially replaced by Ru 16, 17 and Sb. 18 In particular, moderate Sb substitution leads to a significant increment of T C , up to 200 K for xϭ0. 2, 18 however the MR factors are lower than for the pure compound.
In this letter we describe the preparation of a novel series, obtained by substituting Cd for Tl in (Tl 2Ϫx Cd x )Mn 2 O 7 in a relatively wide compositional range, 0рxр0.4. We report the results of an in-depth study of the xϭ0.2 compound, including structural neutron powder diffraction ͑NPD͒ data. Materials with nominal xϭ0, 0.1, 0.2, 0.4 were prepared under high pressure conditions, from stoichiometric mixtures of Tl 2 O 3 , CdO, and MnO 2 , heated at 1000°C for 1 h at 20 kbar. The reaction products were characterized by x-ray diffraction with Cu K␣ radiation. Single-phase cubic pyrochlores were identified, as illustrated in Fig. 1 Fig. 3 . There is a dramatic change in the overall behavior of the resistivity curve with respect to the xϭ0 compound. 7 An abrupt increase in the (Hϭ0) is observed as the temperature decreases, reaching a maximum at Tϭ153 K. This is consistent with the smaller number of charge carriers found for this compound from Hall measurements: given in electrons per unit cell, n ϭ0.005 for xϭ0, 11 and nϭ0.0002 for xϭ0.2. However, the most dramatic feature is the magnetoresistive behavior: the resistance under a magnetic field of 9 T decreases by 6 orders of magnitude at 120 K. The magnetoresistance, defined as MR(H)ϭ100x͑R͑0͒ϪR͑H͒͒/R͑H͒], reaches values higher than 2ϫ10 6 % at 120 K, as shown in the inset and in Fig.  3͑b͒ . Note that at 120 K MR is saturated for fields higher than 1 T; at low fields such as Hϭ0.5 T the MR is still higher than 10 6 %. This is greatly superior to the results found for Tl 1.8 15 This is related to the considerable contribution of the spin fluctuation scattering to near T C , which are suppressed when the external field is applied. The room-temperature behavior is also remarkable for Tl 1.8 Cd 0.2 Mn 2 O 7 : the inset of Fig. 3͑a͒ shows a MR͑9 T͒ value of 30% at 300 K. The present results demonstrate that Cd substitution may enhance MR up to levels which make it possible to propose pyrochlore-like materials as candidates for technical applications.
The observed increase in MR is concomitant with a de- for Cd 2ϩ introduces holes in the structure, probably localized at Mn positions: the observed shortening of the Mn-O distances suggests an increase in the oxidation state of Mn. These holes are not mobile, since they are located at the Mn-O sublattice, and do not contribute to the electronic transport. But, at the same time, the presence of Cd 2ϩ hinders the electronic transfer from ͑Tl, Cd͒ sublattice to the mentioned down-spin bands, substantially decreasing the number of electrons at the Fermi surface. In other words, the effect of Cd doping is the impoverishment in electrons of the ͑Tl, Cd͒ sublattice, thus impairing the electron filling of the Tl-Mn-O bands.
We have shown that moderate pressure synthesis techniques can be used to prepare a Cd-substituted series of pyrochlores based on Tl 2 Mn 2 O 7 , in which MR is hugely enhanced. We propose an effective way of increasing resistance and MR in thallium pyrochlores by doping the Tl 3ϩ sublattice with divalent cations, which substantially decreases the number of mobile carriers ͑electrons͒ by hindering the electronic transfer towards the down-spin Tl-Mn-O bands responsible for the electronic transport.
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